Aims: To analyse the predictive validity of 18 psychosocial work environment scales from the Copenhagen Psychosocial Questionnaire version II (COPSOQ II) with regard to risk of sickness absence. Methods: The study population consisted of 3188 wage earners (52% women) from a representative sample of Danish residents. Participants received the long version of the COPSOQ II in autumn and winter 2004-2005, including 18 psychosocial work environment scales from the domains ''Demands at work'', ''Work organization and job contents'', and ''Interpersonal relations and leadership''. The study endpoint was register-based sickness absence of 3 weeks or more in the 1-year period following completion of the COPSOQ II. Associations between COPSOQ scales at baseline and sickness absence at follow-up were analysed with Cox proportional hazards models, adjusted for age, gender, prevalence of a health problem at baseline, and occupational grade. Results: Sickness absence during follow-up was predicted by a one standard deviation increase on the scales of cognitive demands (hazard ratio (HR) 1.17, 95% confidence interval (CI) 1.00-1.37), emotional demands (HR 1.28, 95% CI 1.10-1.50), and role conflicts (HR 1.32, 95% CI 1.15-1.52). After applying adjustment for multiple testing, the effect of emotional demands and of role conflict remained statistically significant, but not the effect of cognitive demands. Conclusions: Selected psychosocial work environment factors from the COPSOQ predict register-based sickness absence in the Danish workforce.
Background
The Copenhagen Psychosocial Questionnaire (COPSOQ) is a relatively new instrument for measurement of the psychosocial work environment, and is used by a rapidly increasing number of researchers and work environment professionals, both in Denmark and in other countries [1] . According to Kristensen et al., the COPSOQ is ''theory-based, but not attached to one specific theory, . . . should include dimensions related to worktasks, the organization of work, interpersonal relations at work, cooperation, and leadership, . . . [and] should cover potential work stressors, as well as resources'' [2, p. 439 ]. The COPSOQ is a comprehensive instrument that not only measures specifically defined potentially healthhazardous constellations at work (as other questionnaires do, for example with regard to ''job strain'' or ''effort-reward imbalance'') [3, 4] , but has the objective of assessing all relevant aspects of the psychosocial work environment. In the words of Kristensen et al: ''there should not be any significant 'white spots' in the picture painted'' [2, p. 439] .
Social epidemiological evidence for the predictive validity of the COPSOQ scales is scarce. Neither the COPSOQ I sample (from 1997) nor the COPSOQ II sample (from [2004] [2005] have ever been used to analyse prospective associations between work environment exposures and health endpoints. In this study, we investigated whether risk of sickness absence is predicted by the COPSOQ II scales from the domains ''Demands at work'', ''Work organization and job contents'', and ''Interpersonal relations and leadership''. We chose sickness absence as the endpoint because it is regarded as a good indicator for ill-health, and it strongly predicts both disability and mortality [5] [6] [7] .
Several prospective studies on work environment and sickness absence have been carried out in recent years [8] . However, most of these studies have focused only on psychosocial work environment factors that are related to specific theories, such as the demand-control model [9] , the effort-reward imbalance model [10] , or the organizational justice model [11] . Although conducting occupational health studies based on a specific theoretical exposure model undoubtedly has its merits [12] , the aim here was to take a different approach, and investigate which psychosocial work environment factors predict sickness absence when the psychosocial work environment is measured as comprehensively as possible.
Aims
The aim of this study was to investigate the predictive validity of the COPSOQ. This was done by analysing the effect of 18 psychosocial work environment scales from the COPSOQ II on risk of sickness absence of 3 weeks or more during a 1-year follow-up period.
Material and methods

Study design and sample
This was a prospective analysis, linking survey data from the COPSOQ II study with register data on sickness absence. The follow-up period was 1 year.
The COPSOQ II study is described in detail by Pejtersen et al. in another article in this special issue [1] . Briefly, 8000 Danish residents were randomly selected from the Danish Centralized Civil Register, of which 7834 were eligible and received a questionnaire in autumn and winter 2004-2005. Of these, 4732 provided valid responses (60.4% response rate). Among the responders, 3517 were wage earners and were selected for the data analyses in the present study. Of these, 72 participants were excluded because they had missing values on all 18 psychosocial work environment scales used in the analyses. Furthermore, 57 participants whose occupational position could not be determined were excluded. Finally, 200 participants who had an entry of a sickness absence spell in the registry for the 3-month period preceding the completion of the COPSOQ II were excluded, yielding a final study sample of 3188 participants.
Measurement of sickness absence
The incidence of an episode of sickness absence during the 1-year follow-up period was obtained from the Danish National Register of Social Transfer Payments (DREAM). A more detailed description of DREAM and its use in epidemiological studies has been published elsewhere [13] . Briefly, DREAM contains, among other things, weekly updated information on sickness absence compensation. Sickness absence spells of 3 weeks or more were investigated because, at this point, the municipalities become responsible for managing the sickness absence case. Hence, for the purpose of this study, a study participant was recorded as having sickness absence when he or she was registered with three consecutive weeks of sickness absence within the 1-year follow-up period after completion of the COPSOQ II baseline questionnaire.
Measurement of the psychosocial work environment
The COPSOQ II includes 18 scales in the domains ''Demands at work'' (five scales), ''Work organization and job contents'' (five scales), and ''Interpersonal relations and leadership'' (eight scales) [1] . The scales are based on the long version of the COPSOQ II, and consist of two to four items. Scales were scored from 0 to 100. The direction of the score follows the label of the scale; that is, a high score indicates high demands, high influence, and so on. The scales on quality of leadership and on social support from supervisors had substantially more missing values than the other scales, because they could only be answered by employees with superiors. A detailed description of the COPSOQ I and COPSOQ II scales and their psychometric properties have been published elsewhere [1, 2, 14, 15] , including the article by Pejtersen et al. in this special issue [1] .
Measurement of covariates
As covariates, gender, age, prevalence of a health problem at baseline and occupational grade were included. Prevalence of a health problem was measured with a 17-item checklist that included both severe chronic physical diseases, such as cancer, diabetes, or cardiovascular disease, and more unspecific disorders, such as musculoskeletal disorders, psychological disorders, or stomach-ache. Participants who responded that they currently had at least one of these diseases or disorders were scored as having a health problem at baseline.
Occupational grade was measured by asking participants to categorize themselves as executive, non-manual worker, skilled manual worker, or unskilled manual worker. Non-manual workers were by far the largest group (n ¼ 1694 (53%)). Consequently, this group was further differentiated by adding information on post-high school education, resulting into an occupational grade variable with five categories: I, executive; II, non-manual worker with more advanced post-high school education (i.e. academic education or vocational training of more than 3 years); III, non-manual worker with less advanced post-high school education (i.e. no academic education and no vocational training of more than 3 years); IV, skilled manual worker; and V, unskilled manual worker.
Data analysis
Correlations between variables were calculated with Pearson's correlation coefficients. The prospective associations between predictor variables at baseline and sickness absence during follow-up were analysed with Cox proportional hazards models, adjusted for gender, age, health problems at baseline, and occupational grade. Participants were censored at first onset of sickness absence of 3 weeks or more, emigration, death, or end of follow-up, whichever came first. Statistical significance was determined before and after adjusting for multiple testing, in accordance with the method suggested by Holm, which is also sometimes referred to as the Holm-Bonferroni method [16] . For psychosocial work environment factors that showed statistically significant associations with sickness absence (before adjusting for multiple testing), it was further investigated whether effects differed across the five occupational grades.
Results
Characteristics of study participants
Of the 3188 study participants, 199 (6.2%) were registered as being absent sick at one point in time during the 1 year of follow-up. Table I shows the basic characteristics of the study participants and the univariate associations of these characteristics with incidence of sickness absence. Men and women had similar hazard ratios (HRs) for sickness absence. HR increased with age. Participants with a health problem at baseline showed a statistically significantly increased HR for sickness absence during follow-up.
There was a strong inverse dose-response association between occupational grade and risk of sickness absence, with the lowest occupational grade showing the highest risk. When the variables in Table I were adjusted for each other, the HRs of all variables remained virtually the same, indicating that the effects of age, baseline health problems and occupational grade were largely independent of each other (data not shown).
Correlations of the 18 psychosocial work environment scales with each other and with occupational grade Table II shows how the 18 psychosocial work environment scales correlated with each other and with occupational grade. Many of the psychosocial scales were moderately correlated with each other. Meaning of work, for example, showed a correlation coefficient !30 with 10 scales and a coefficient !60 with another two scales. The highest correlation coefficient was found for quality of leadership and social support from supervisors, with a coefficient of 0.70. Occupational grade showed correlation coefficients of !30 with the scales on cognitive demands (À0.35) and possibilities for development (À0.31), indicating that people of higher occupational grade were more likely to be exposed to high cognitive demands and high possibilities for development than people of low occupational grade.
Psychosocial work environment at baseline as predictor for sickness absence during follow-up Table III shows the prospective association between the 18 psychosocial work environment factors at baseline and risk of sickness absence during followup. A one standard deviation increase on the scales of cognitive demands (HR 1.17), emotional demands (HR 1.28) and role conflicts (HR 1.32) predicted risk of sickness absence, after adjustment for gender, age, prevalence of a health problem at baseline, and occupational grade. After adjustment for multiple testing, emotional demands and role conflicts, but not cognitive demands, remained as statistically significant predictors of sickness absence.
Effect modification by occupational grade
For the three psychosocial work environment factors that had shown a statistically significant association with sickness absence before adjustment for multiple testing, further analysis was performed to determine whether the effects were different within the five occupational grades. Figure 1 shows that, for cognitive demands, the HRs were highest in occupational grade I (HR 2.25). Emotional demands had the strongest effects in occupational grades II and IV (HR 1.78 and HR 1.55, respectively), whereas the effect of role conflicts was strongest in occupational grades I (HR 1.51) and II (HR 1.49). Because of the small sample sizes in the different strata, confidence intervals were wide (data not shown), and none of the interaction effects was statistically significant (data not shown).
Discussion
This is the first study to use the COPSOQ II sample to investigate the effect of all factors from the domains of ''Demands at work'', ''Work organization and job contents'', and ''Interpersonal relations and leadership'' on sickness absence. We found statistically significant effects for high cognitive demands, high emotional demands, and high role conflict, although the effect of high cognitive demands was no longer statistically significant after adjustment for multiple testing. Effect estimates differed somewhat by occupational grade; however, these differences were not statistically significant.
Previous studies used selected COPSOQ I scales to investigate predictors for sickness absence in Denmark. Lund et al. analysed the effect on incidence of sickness absence of 8 weeks or more in the Danish Work Environment Cohort Study [17] , whereas Rugulies et al. studied the effect on number of self-reported sickness absence days in the PUMA study [18] . In line with the results from the present study, both previous studies showed that emotional demands and role conflicts were associated with sickness absence, although strengths of association and statistical significance differed by gender and by the type of covariates included in the statistical models. Taking into consideration that the two previous studies and the present study all used different definitions of sickness absence, the consistency of the findings strongly suggests that high emotional demands and high role conflicts are important risk factors for sickness absence in Denmark.
To our knowledge, the effect of cognitive demands on sickness absence have not been studied before in Denmark. The results are especially interesting, because it is thought that higher values of cognitive demands indicate a ''better'' work environment [19] . It is assumed that high cognitive demands in general are positive challenges, but with the reservation that the demands should fit with the abilities of the person [19] . One might speculate that, in the present study, the positive association between cognitive demands and sickness absence was caused by a mismatch between demands on the one hand and abilities on the other. It is also possible that high cognitive demands only have a negative effect if people lack the resources needed to cope with cognitive demands (e.g. not having enough time to think things through, Figure 1 . Hazard ratios of incident sickness absence for a one standard deviation increase on three psychosocial work environment scales stratified by occupational grade. or facing role conflicts that distract them from concentrating on problems).
The role of occupational grade
Occupational grade was a very strong predictor for sickness absence in this study. We first treated occupational grade as a confounder; that is, we adjusted the effect of the psychosocial work environment scales on sickness absence by occupational grade. Our reasoning for this was that occupational grade might be a proxy measure for physical workload (e.g. heavy lifting or awkward working postures) that could be associated with both psychosocial working conditions and sickness absence. In the analyses by Lund et al., adjustment for physical working conditions substantially decreased the effect of several psychosocial work environment variables [17] . Moreover, occupational grade is also an indicator of socioeconomic position and therefore might also capture non-work-related stressors, such as daily problems, financial strains, or conflicts in private life, that might influence both self-report of working conditions and sickness absence.
In the next step, we treated occupational grade not as a confounder, but as an effect modifier. The results have to be viewed with caution, because confidence intervals were wide, owing to the relatively low number of participants in the different strata. However, if one just focuses on the HRs, one can see that the harmful effect of high cognitive demands on sickness absence was strongest in the highest occupational grade. This means that high cognitive demands had the strongest effect in the occupational grade with the lowest prevalence of sickness absence. It would have been interesting to explore this further by stratifying the analyses not just by the rather crude measure of occupational grade, but by job groups, for example engineers, nurses, police force, and cleaners. However, a meaningful analysis on this basis was not possible, because of the lack of statistical power resulting from the limited number of study participants.
Methodological and theoretical considerations
Adverse psychosocial working conditions might affect health directly via psychoneuroendocrinological and psychoneuroimmunological processes, or more indirectly via poor health behaviours (such as smoking, excessive alcohol consumption, and lack of exercise) [20] . There is good evidence that both socioeconomic position [21] and psychosocial working conditions influence health behaviours [22] , and there is excellent evidence that health behaviours greatly impact on health [23] , but there is little evidence that health behaviours influence reporting of the psychosocial working environment. Hence, health behaviours are likely to be an intermediate step in the causal pathway that links the psychosocial work environment to health. Consequently, we decided not to adjust our analyses for indicators of health behaviours, such as smoking, alcohol consumption, or body mass index.
However, we adjusted the analyses for prevalence of health problems at baseline. This adjustment might partly be an appropriate confounder control, if we assume that people with health problems will be more likely to report adverse working conditions (because of reduced ability to work) and also will be at higher risk for sickness absence. However, it also might partly be an inappropriate adjustment for a causal step in the pathway, if we assume that psychosocial working conditions have contributed to the onset of the health problems. Hence, the reader should be aware that, with regard to health problems at baseline, our analyses might, to some extent, be overadjusted.
From a theoretical point of view, we believe that it will be important for the further development of the COPSOQ to obtain more insights into how the different psychosocial constructs are related to each other. To what extent are the constructs independent from each other and to what extent do they overlap? How do the exposures influence each other, and which exposures might cluster under which conditions? The correlation coefficients in Table II showed that several of the scales were indeed moderately correlated with each other, and some scales even showed correlations greater than 0.60. However, it remains unclear whether these correlations indicate conceptual overlap between scales or whether they indicate that scores on some scales had caused scores on other scales. For example, exposure to poor leadership quality might cause both a high level of role conflicts and a low level of predictability at work.
Because of the unclear nature of the associations between the 18 different psychosocial work environment scales, we decided not to adjust the scales for each other in the analyses on sickness absence. If scores on some scales had indeed influenced scores on other scales, mutual adjustment would not be an appropriate confounder control, but would be inappropriate adjustment for a step in the causal pathway. Moreover, it is also possible that the effects of some scales on sickness absence were modified by other scales. For example, high emotional demands might have a less adverse effect on sickness absence if a person experiences his or her work as very meaningful. In this case of effect modification, mutual adjustment of the psychosocial work environment scales would also be inappropriate.
Limitations
Several limitations of the study have to be considered. First, because of sample size restrictions, we could not analyse whether the psychosocial work environment scales had differential effects in different job groups. It is possible that some of the scales affect health only in certain job groups and not in others. This needs to be further investigated. Second, it would have been interesting to analyse whether the effect of the psychosocial work environment was stronger on sickness absence because of mental or because of physical health problems. However, this was not possible, because data on cause-specific sickness absence were not available for this study. Third, we did not have information about physical demands, and we had only very limited information about non-work-related determinants of sickness absence. Adjusting for occupational grade might have captured some of these potential confounders, as discussed above, but certainly not all. Fourth, our analyses were restricted to the COPSOQ domains of ''Demands at work'', ''Work organization and job contents'', and ''Interpersonal relations at leadership''. We also considered analysing the new domain ''Values at the workplace level'', including the construct of ''Social capital at work'', which has become an emerging topic in psychosocial occupational health research [24, 25] . However, we felt that we needed more time to think about the theoretical implications of this new domain, before testing it in an epidemiological analysis.
Conclusion
Selected COPSOQ scales predicted register-based sickness absence of 3 weeks or more in this representative sample of the Danish workforce. With regard to emotional demands and role conflicts, we conclude that there now is evidence from three Danish prospective studies for the contribution of these two factors to sickness absence. With regard to cognitive demands, the findings presented here are new and need to be replicated in future studies. The effect of the psychosocial work environment on sickness absence was, to some degree, moderated by occupational grade. Further studies should investigate whether the strength and direction of the associations between psychosocial work environment scales from the COPSOQ and health endpoints differ by job group.
